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PROCEEDINGS OF THE 
PHILADELPHIA FOUNDRYMEN’S ASSOCIATION. 


The regular monthly meeting of the Foundrymen’s Associa- 
tion was held at the Manufacturers’ Club, in Philadelphia, on 
Wednesday, October 5, the president, P. D. Wanner, occupy- 
ing the chair. 

The Executive Committee reported that they had purchased 
an electric lantern and the same had been set up for use that 
evening. 

Nominations of officers for the ensuing year was the first 
business taken up, and on motion of Mr. Devlin all the present 
officers were nominated for re-election, as follows: 

President, P. D. Wanner, of Reading Foundry Company, 
Limited, Reading Pa. 

Vice-President, A. C. Pessano, of George V. Cresson Com- 
pany, Philadelphia. 

Treasurer, Josiah Thompson, of J. Thompson & Co., Phila- 
delphia. 

Secretary, Howard Evans, J. W. Paxson Company, Phila- 
delphia. 

Executive Committee: Walter Wood, chairman, R. D. Wood 
& Co., Philadelphia; Thomas Glover, Glover Brothers, Frank- 
ford, Philadelphia; E. E. Brown, E. E. Brown & Co., Philadel- 
phia; Stanley G. Flagg, Jr., Stanley G. Flagg & Co., Philadel- 
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phia; Wm. F. Sauter, G. Rebmann & Co., Philadelphia. Ex- 
officio: P. D. Wanner, president; Howard Evans, secretary. 

John Birkinbine, president of the Franklin Institute, then, in 
an address, drew the attention of the meeting to the work done 
by the Committee on Science and Arts of that institute. He said: 
Before that committee are brought all the inventions of appar- 
atus or process used in all industries. The committee consider 
the meritorious points of an invention, and upon their verdict 
the institute confer certain medals or awards to the inventor. I 
felt it might be to the mutual interests of the Foundrymen’s Asso- 
ciation and the Franklin Institute that the institute, under the 
patronage of this Association, should each year provide for the 
awarding of a medal or medals for the production of the most 
meritorious castings, or the greatest progress made in the foundry 
industry during the year. How the arrangement may be con- 
summated I do not at present know, but I thought | would make 
the suggestion to you, and if it met your approval a committee 
could be appointed to take the matter up. If you think the idea 
would benefit the Association or be productive of good for the 
foundry trade I know the Committee on Science and Arts would 
be willing to give their time to help the thing along. 

Howard Evans: Supposing several castings were presented, 
how would it be decided as to which was most meritorious? 

Mr. Birkinbine: The decision would be made ky your Asso- 
ciation and the committee. A sub committee would be appointed 
to pass upon them, and to be sure that no one interested in the 
castings would thus be able to pass upon them the rules of the 
institute provide that no one who is a member of the committee 
may be interested in anything coming before it. The awards 
are’ made, as far as possibie, strictly on merit. We go ourselves 
to the parties having inventions and request that they bring 
do not wait for them to come to us. 





them before the committee 
Our medals are quite numerous. One was provided by John 
Scott, who bequeathed a sum of money to the city of Philadelphia 
for the purpose, and the city turned the fund over to the Frank- 


lin Institute. Now supposing you, as an organization, should 
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undertake the collection of specimens of work, and you found a 
marked development made by some improvement in process, 
say in the manufacture of malleable iron, you would then bring 
the matter before the Franklin Institute, with a request that they 
consider it with a view of giving an award. The award could be 
either a medal you provide or a medal with which you were 
associated. The details must be worked out to suit the two 
organizations. 

The idea appearing to meet the approval of the meeting, a . 
motion was made referring the matter to the Executive Commit- 
tee, to be reported upon at the next meeting. 

George C. Davis, chemist to Thomas Devlin & Co., Philadel- 
phia, then read a paper on “The History of Malleable Cast lron 
in America.” At the conclusion of the reading a vote of thanks 
was passed to Mr. Davis for the paper. 


MALLEABLE CAST IRON. 
ITS EARLY HISTORY IN THE UNITED STATES. 


By GEORGE v, DAVIS. 


Little has been written of the history of malleable cast iron, 
and so far as I am aware no account has ever been published of 
the beginning of this industry in the United States. This is my 
excuse for presenting to you this evening an account of what | 
believe to be the first malleable iron foundry in this country. The 
word malleable is often used (especially by English writers) to 
distinguish soft iron such as is produced by the puddling pro- 
cess and which is usually classed in this country under the gen- 
eral term wrought iron. By malleable cast iron or malleable iron, 
as it is commonly called, is here meant a casting made from pig 
low in silicon, sulphur and phosphorus and from which the car- 
bon has been partially removed by annealing in ferric oxide or 
other porous or infusible substances, the carbon which remains in 
the iron being present mainly as graphitic temper carbon. I will 
endeavor to describe the works practice at that time, the difficul- 
ties encountered, and will briefly mention some of the earlier 
foundries. 





Suote 
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The first malleable iron castings of domestic manufacture were 
produced in Newark, N. J., in the year 1826. Seth Boyden, to 
whom belongs the honor of doing this, was a native of Foxboro, 
Mass., but settled in Newark in 1815, when in his twenty-seventh 
year. Asa boy he worked at farming and occasionally at a fur- 
nace operated by one of his uncles. He attended school for only 
a few short terms, but this by no means ended his education, for 
he continued his studies by himself, especially in the natural 
sciences which would aid him in-his labors. He showed to a 
very marked degree the traits of the stock from which he sprang. 
Mechanical ingenuity and skill with tools came to him naturally. 
He was, during the course of his long life, occupied with many of 
the arts and sciences, and so great were the benefits conferred by 
his many inventions and improvements of existing processes that 
the citizens of Newark have erected a statue in his honor. Much 
of the apparatus with which his experiments were conducted was 
made by his own hands. He made among other things a tele- 
scope, microscope, electrical apparatus, and engraved a label for 
his books. Such work as this was usually done at odd intervals 
or after the regular work of the day was over and was to him 
rather recreation than serious business, but it served to show his 
versatility. Many claims have been made for him as being the 
inventor of various processes. His original inventions were num- 
erous, but his best and certainly from a commercial standpoint 
the most important work was done in perfecting the ideas of 
others. There are few inventions which are not in dispute, and it 
is often the case that after learned men have written articles prov- 
ing to their satisfaction their own side of the case the archaeolo- 
gists step in and state that the Chinese or ancient Egyptians 
knew all about the article in question several thousand years B. C. 

Boyden is credited with inventing a machine for making 
wrought iron nails, a machine for making brads and files, a ma- 
chine for cutting and heading tacks, and a machine for splitting 
leather. He also made the first patent or glazed leather, as it was 


then called, produced in this country, and carried on quite a busi- 


ness in this article for some years in supplying harnessmakers. 
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He built locomotives and made many improvements in their de- 
sign. In this connection it is interesting to note that he built a 
locomotive called the “Cometa” for the Cardenas railway of Cuba, 
and went there himself in 1841 to put the engine in operation. 
One of his most important inventions was a machine for forming 
hat bodies, which he patented. In later years, when old age had 
incapacitated him from active business, he turned his attention to 
raising new and improved varieties of strawberries, and succeeded 
in this as in other things. It was characteristic of the man that a 
problem once thoroughly mastered he turned his attention to 
some new process. He seemed to care only for mechanical suc- 
cess, any profits he might derive from his labor being merely use- 
ful to enable him to experiment in some other line. It seems in- 
credible that he should have accomplished so much, but his life 
during the three score years in which he was actively engaged is 
a good illustration of the endurance and persistence of the hardy 
New England stock. He took little care to protect his own inter- 
ests and died a poor man in the year 1870. 

Soon after Boyden settled in Newark he was engaged in the 
silver plating business, and it is possible that this was indirectly 
the cause of turning his attention to malleable iron. A large part 
of his business was in plating carriage and harness hardware. In 
those days such articles were necessarily quite expensive, as they 
were made by hand from wrought iron. It is evident from Boy- 
den’s notes that he had learned that such articles could be cast 
and rendered malleable by annealing, but he evidently knew 
nothing of the details of the process. General Runyon, in his ad- 
dress at the dedication of Boyden’s monument, said: “What is 
called malleable iron was known before Mr. Boyden discovered 
it, but he invented it as truly as ever a man invented anything 
wholly new and previously unknown.” This view has been, held 
by many, but I believe it to be clearly in error, for in experiment 
No. 6 of Boyden’s notes he says, “a piece of English M iron was 
in, but no important alteration.” Again, under the date of August 
4, 1826, we find entry “50 pounds sprue, 50 pounds pig, white, 
when baked a perfect resemblance of some English of same size” 
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—thus proving that at about the time Boyden began his experi- 
ments he had in his possession some malleable castings that had 
been made in England. 

Let us turn for a moment to note the progress of this industry 
in other countries. Reaumur had published the fundamental 
principles of the process in the year 1722, and some years later 
patents were granted in England for softening castings by an- 
nealing in ashes. This process applied to such castings as nails, 
anchors, cannons, chains, forge hammers, etc. In 1804 Sam 
Lucas, of Sheffield, took out a patent on malleable iron, but he 
believed the difficulties to be insuperable and so made no use of 
his patent in a commercial way at least. His brother, Thos. 
Lucas, shortly after took up the matter and succeeded in pro- 
ducing cast cutlery, which, according to Parks, (essay on edge 
tools, 1815) would take as fine a polish as the best cast steel. 
These articles were sold under the name of run steel. -According 
to Percy and other authorities, the use of malleable castings rap- 
idly extended, and by 1830 the industry had attained large pro- 
portions. The castings were used for cutlery, pulley blocks, car- 
riage and harness hardware and a variety of other purposes. 
Thus we see that malleable iron had been manufactured in Eng- 
land for some years before Boyden began his experiments. 

In 1828 the Franklin Institute of this city offered a silver 
medal for the best specimen of annealed cast iron to consist of not 
less than one dozen pieces. The report of the committee of that 
society says: “Premium No 4 for the best specimen of annealed 
cast iron is awarded to Seth Boyden, of Newark, N. J., for speci- 
men No. 163, being an assortment of buckles, bits and other cast- 
ings remarkable for their smoothness and malleability. This is 
the first attempt in this country to anneal cast iron for general 
purposes that has come under the knowledge of your committee, 
and the success attending it fully entitles the maker to a silver 
medal.” From the wording of this report it is evident ‘that the 
committee were aware of the manufacture of malleable castings 
abroad, and in awarding the medal to Boyden it was merely for 


excellence of workmanship in a novel article. There is no hint 
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in the wording of the report of the process being regarded as an 
invention of Boyden’s prior or otherwise. 

His experiments with malleable iron of which we have record 
extended over a period of six years. At first they were carried 
out in his house, the iron melted in a crucible in a forge fire and 
the castings annealed in a small furnace, using hard coal, erected 
in his fire place. In this way he made a series of 12 experiments 
to determine the best pig iron to use, the best packing, proper tem- 
perature for annealing, etc. A part of experiment 6 is here shown 
which illustrates a series of diagrams used in some manner to 


keep track of the various mixtures of iron: 


LR “One-seventh wrought, six-sevenths Sterling; fine, 
strong, superior, good before anything I have ever seen. 
os “One-fourteenth W., six-fourteenths Sterling, near the 
semumg Same as above. 
‘aie “One-twenty-eighth W., six pieces S., near the same as 
above; a little darker. 

“Sprues of above near the same as above, the above bent 
to less than 4-inch circles.” 


He was evidently sufficiently encouraged by the results ob- 
tained to erect a foundry, which was started in the summer of 
1826, for on July 4 of that year is the first entry under the head- 
ing “Experiment in Foundry.” His observations and deductions 
were exceedingly shrewd, though his explanations were often at 
fault. When we consider how iittle was then known of chemistry 
and metallurgy this is not surprising. The selection of a suitable 
pig iron occasioned him little difficulty, though he tried many 
brands separately and in various mixtures. He mentions Peru, 
Carthage, Bennington, Vt., three brands of Salisbury—viz., R. B. 
& Co., H. C. & Co., and C. S. Co.—two brands of Egg Harbor— 
viz... Etna and Weymouth—Sheldon, Washington, Amenia and 
Scotch. This latter was soon given up, the notes experiments 10 
and 11 stating that it was brittle. The reasons for this we can 
Few of the brands here mentioned are familiar to 


well imagine. 
Etna and Weymouth recall to us the 


the foundrymen of to-day. 
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industries which once existed in the Jersey pines. Of these once 
flourishing concerns scarcely a trace remains. Weymouth Fur- 
nace was located on Great Egg Harbor river, about 6 miles from 
May’s Landing. It was erected in 1802, and has long since been 
abandoned. Etna furnace was situated on a tributary of the 
south branch of Rancocas creek, 2} miles from Medford, and 4 
miles from Taunton in Burlington county (Swank’s “History of 
Iron in All Ages”). The Salisbury furnaces are probably the only 
ones now on the active list. The companies referred to—viz.: 
Richardson, Barnum & Co., Canfield, Sterling & Co., and Hol- 
ley & Goning, all operated plants in Litchfield county, Conn. The 
works owned by the last named firm were located at Chapinville, 
and here was built the first blast furnace in Connecticut. This 
was about 1762, at which date Ethan Ailen was one of'the own- 
ers of the property. Holley & Coffing also operated a furnace at 
Mt. Riga, which was most probably the one from which Boyden 
obtained his iron. This furnace began operation about 1810 and 
was abandoned in 1856. Amenia furnace was located in Dutchess 
county, N. Y., 24 miles east of Poughkeepsie, and not in Con- 
necticut, as Boyden states in his notes. This furnace began oper- 
ations about 1770. Iron from the Salisbury district was hauled by 
teams to Hudson or Poughkeepsie and thence transported by 
water. So far as can be learned iron was not sold on commission, 
at least in the early days. The dealings were direct between pro- 
ducer and consumer, and payments were made in cash or more 
frequently on long time notes. The Sterling [ron Works were 
located in Orange county, N. Y. This iron was considered for 
many years one of the best brands for malleable castings and was 
in use for this purpose as late as 1861. The Long mine, from 
which Boyden obtains some of the ore for packing, was located 
on this property. Peru and Carthage furnaces are supposed to 
have been located near the towns of the same names in New 
York State. 

Boyden tried various additions to the molten iron, such as 


sulphur, phosphorus, tin, zinc, lead, antimony and nickel, but 


soon gave them up, as the effects were either injurious or nega- 
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tive. In the last entry, September 1, 1832, there is a brief refer- 
ence to melting on a basic lined furnace, which reads, “the more 
iron if free from carbon the stronger heat is required to anneal it; 
lime on bottom in place of sand, iron equally good.” Boyden evi- 
dently believed that pig iron melted in an air furnace lost most of 
its carbon. When the silicon had fallen so low that the castings 
came white, the carbon being in a combined state, he evidently 
thought the carbon had been removed. 

In annealing serious difficulties confronted him. He succeed- 
ed in producing well annealed castings, remarking, Octcber 20, 
1826, “I have a piece so good it will not harden any more than 
copper, and when hammered is scarcely inferior to the best 
wrought iron.” He soon determined the proper temperature for 
annealing, as at a number of places in his notes he writes of 
keeping the pots at the temperature to melt silver—g54 degrees 
C. At intervals during the night when it was necessary to add 
fuel he used a primitive alarm to awaken him. This was done by 
placing a candle on a nail so that when the candle was burnt down 
to the nail the rest would fall on a piece of metal and thus awaken 
the sleeper. His notes bear records of many failures, and we can 
scarcely realize the work entailed by the numerous experiments, 
especially with various types of pots and methods of packing. 
The small furnaces in which the experimental work in annealing 
was done must have required frequent attention. Concerning 
this part of the process he seemed to be to a great extent groping 
in the dark. For packing he tried various kinds of native iron ore, 
Spanish brown hematite, manganese ore, sand, clay, lime, ashes, 
hammer scale and various mixtures of them. At first large 
amounts of saltpeter were used, but this caused soft scale and he 
soon learned to use less. Other substances, such as alum, salam- 
moniac, pearlash and plaster of paris, were used, as he says, “to 
strengthen the packing.” Thus on May 1, 1827, we find the en- 
try “packed in oxide of iron, one-thirty-second saltpeter, one- 
thirty-second alum, and one-eighth lime added; casting covered 
with a thick scale, though it was perfcetly air tight.” It acted like 
sulphur or plaster of paris, which shows that a packing com- 
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posed of two different materials will destroy the iron when either 
of them would answer well alone.” Boyden also tried other ex- 
periments in packing, such as sand and alkali white, which were 
failures. He writes under the date of April 3, 1827, “the conclu- 
sion is that red oxide of iron is important and in fact the best 
thing known for packing, and Sterling well refined the best iron.” 
Of the other difficulties he encountered the two worst were “black 


” 


porous” and “crystallizing.” As to the causes of these we can 


only surmise. Boyden himself soon learned to remedy the for- 


mer trouble by remelting with a small amount of wrought iron, - 


thus lowering the silicon and preventing the formation of 
graphitic carbon, which may have been the cause of the trouble. 
He attributed crystallinzing to silex (silica), and said April 3, 
1827, “by a number of experiments and observations it is evident 
that crystallizing proceeds from silex in some way. Pig iron 
made from ore containing much silex or silex getting into the 
iron when melting or annealing the iron will be brittle and 
porous.” 

The crystallizing may have been caused by insufficient time 
and temperature in annealing or by high sulphur in the casting, 
resulting from remelting and large additions of sprue, thus ren- 
dering annealing difficult. The iron annealing pots wore out so 
fast that he tried various ways to prevent it, such as brick pots 
coated with lead and clay and lined with sheet iron; earthen pots 
surrounding the iron ones; iron pots packed in ore and small iron 
pots inside larger ones. The reference, November 22, 1828, to 
the established size of the main pots evidently refers to these outer 
pots. In some cases reannealing remedied his troubles, as owing 
to this practice of using earthen pots, which are poor conductors 
of heat, the inside of the charge probably was not hot enough at 
the first trial. One interesting experiment from a chemical point 
of view is given under the date of April 21, 1831, where the 
author says “one pot filled with work, but no packing, the steam 
of alcohol conveyed in during the heat; work was not quite as 
good as the other way, covered with soft black scale. A piece of 


casting annealed as above was rather brittle and crystallized; was 
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again heated two hours in hydrogen gas and was changed to 
tough piece free from crystals and in every sense good.” ‘These 
experiments were evidently of no practical value, but it would be 
interesting to know how they were made with the crude apparatus 
at his disposal. So much for the teclinical view of the industry. 
Passing now to the consideration of the commercial features 
and works practice, during the first few years we find that the 
foundry which Boyden erected was located at 28 Orange street in 
the rear of his home on Bridge street. It gave employment to 
about 60 molders. At first and for much of the experimental 
work the iron was melted in a crucible, using charcoal or hard 
coal for heating. Lime was the flux most frequently used, but ex- 
periments were also made with other substances, such as iron ore, 
sand, clay, glass and sulphur, with this end in view, evidently with 
the idea of leaving nothing untried. Some of these were ob- 
viously forlorn hopes, as in experiment No. g we find the entry, 
“Delaware, one-eighth W., pounded fine with glass, brittle as 
usual.” Boyden’s practice seems to have been to run the iron 
very “high,” for he speaks in a number of places of the iron being 
“sparkling” and “smoky,” the latter term presumably indicating 
incipient oxidation and a very high temperature. Considering 
these facts it is somewhat remarkable that no mention is made of 
shrinkage, which does not seem to have troubled the early found- 
ers at all. An air furnace was soon built with a capacity of about 
1,000 pounds. The fuel was dry pine wood or soft coal, and it is 
said that eight heats a day were made, starting at 3 a. m. and 
often not finishing until late in the evening. This furnace was not 
tapped; the iron being dipped out in clay washed ladles holding 
from 10 to 12 pounds each. In the notes, June 12, 1828, there is 
a reference to Virginia coal. This coal probably came from the 
mines in Chesterfield county, near Richmond. Nicho!s, in his 
book, “The Story of American Coals,’ 


says: “In 1750 the Vir- 
ginia bituminous mines were opened and worked on the James 
river near Richmond; these mines were the first to be opened 
for the market in the United States. Owned by an English 
company and competinng only with English coal, they enjoyed 
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for some time the exclusive coastwise trade of the Union. In 
their nature the coals are very dry and gaseous.” These mines 
are not now worked, but were in operation as late as 1842. So- 
called patent fuel (coal and rosin) came into use March 25, 1831. 
Rosin at this time was very cheap, seventy-five cents to $1 a bar- 
rel, and so continued up to the Civil War, when it rose rapidly in 
price, reaching at one time, it is said, $68 a barrel, and coal tar 
was used instead. . 

The first cupola was built in 1832, and used hard coal. This 
cupola was of the solid bottom type, and consisted of a straight 
shaft, the upper part of which could be lifted off so as to allow 
cleaning and repairs after a heat. The pig and fuel were charged 
in the top or at a door near the top. Surrounding the shaft was a 
large bell shaped draft stack. An archway through this stack 
afforded entrance to the charging platform, there being ample 
room between shaft and stack for the men to work. Such a 
cupola as this could be operated only every other day, as the cin- 
der and unmelted stock required time to cool so that it could be 
dug out and repairs made to lining. The use of cupolas and air 
furnaces for melting malleable iron was up to a comparatively 
recent date peculiar to this country, it still being the practice in 
many foreign works to use crucibles. 

Molding sand was obtained from a piace between Newark and 
Elizabeth. For cores, sand from Rockaway, L. I., was used, the 
binding material being wheat or rye flour. The patterns were 
usually made from white metal, though iron, brass or wooden 
patterns were sometimes used. Fewer pieces were molded on the 
gate than is now the practice, as it was-thought impossible to 
run them.’ For 1-inch buckles from four to eight were placed on 
one gate, though several gates were molded in one flask. The 
flasks were made of sheet iron, circular in shape, and were fast- 
ened together with a button and eyelet hole. The castings were 
cleaned in a tumbler, which was made from a keg strengthened 
with iron hoops. A door was cut in the side, and holes bored to 
let out the sand. Iron journals were bolted on the ends. The 
journal boxes were of wood, and power was furnished by 


a belt over the center of the keg. 
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The first annealing furnace was shaped like a bee-hive, and the 
pots were inserted from the top, which could be removed by a 
crane. Mill scale was packed around the pots, and the whole 
kept at an annealing heat for a week. This type was succeeded 
by a rectangular furnace which was run continuously. The floor 
was laid on an incline, and the charging done from the higher 
end. The whole charge was moved along, and pots were thus 
pushed out at the lower end, hence the name “shoving furnace.” 
This furnace was closed by large bungs, luted at the joints and 
held 48 pots which were about 12x1ox1o inches. They had a 
solid bottom, and after packing were covered with an overlap- 
ping tile inverted and the joints luted. The fire boxes were on the 
side, with inlet ports near the top of the furnace, thence the flame 
went to the upper end and then down to the flues that led under- 
neath to a stack near the lower end. Pine wood, charcoal or soft 
coal was used for fuel. The castings were cleaned by tumbling 
with leather and stars. A considerable variety of castings were 





made, comprising, as the catalogue—a small card size 3x4 inches 
printed on one side, shown herewith—stated, over 1,000 dif- 
ferent articles. Among the articles enumerated are “Cavasons for 
the Spanish market.” Judging from this Boyden was as fully 
alive to the advantages of a foreign trade as are some of our mod- 
ern imperialists. It may be necessary to explain that a cavason 
was a ring with a staple cast on it which is put on the nose of a 
horse in order to wrench it so as to facilitate breaking in. The de- 
mand for castings was mainly local, and at first trey met with the 
usual opposition. The blacksmiths objected to the variable char- 
acter of the metal and feared it would do away with much of their 
trade. The prices obtained at first were about 25 cents per pound, 
but they gradually fell to 8 cents by 1854, and afterward rose 
somewhat during the war. 


EARLY FOUNDRIES. 


In the early 30's Otis Boyden, a brother of Seth’s, had started 
the Crockett Foundry in Newark. This was burned down in 


1835, in which year the Boston M. C. I. & S. Co. bought out what 
was left of the Crockett Foundry equipment and also Seth Boy- 
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S. BOYLEN. 

MANUFACTURER OF MALLBABLE IRON CASTINGS. 
Bridge Street, Newark, New Jersey. 
Catalogue of Articles. 

For Coachmakers, 


Coach-wrenches; Pole hooks, Crabs, and Stops; Tug 
hooks and Racks; Shaft Sockets & Hold-backs; Swivel- 
tree Hooks, Tongues, Ferrules and Loops; Coach Body, 
Door and Footboard Handles; Gig Body, Wing & Dash 
Handles; Hub Boxes, Bands, Caps, and Axle Nuts; 
Spring, Shaft and other Steps; Perch and Body Wear- 
Irons; Perch, Body and other Check Loops; Te, Bag- 
gage and other Bolts; Square, Cap, and Thumb Nuts, 
Brace Buckles, Rollers and Shackles; Bow Irons, 
Joints and Props; Lamp Props, Seat Rails, Te and 
Connecting Plates; Back Strap Hooks and Plates; Double 
and Single Footmen Holders, Coach Hinges, Dovetails, 
Seat Irons, Check Territs, Sand Bands, Linch Pins, Tire 
Nails, Washers, Boot Loops, Hooks, &c. 


For Platers. 


Bits, Stirrups, Turrrets, Hooks, Hame Turrets, Hame 
Clips, Links and Rings, a general assortment of Buckles 
and Tongues to suit; Trace Bolts, Plates and Loops; 
Crooper Pad, Saddle & other Loops; Swivels, Dees,- Rings 
and Rivets assorted, Band Screws, Pad Screws, and Nut 

also Steps, Buckles, Bits, Handles, Shaft Caps, and 
Cavasons for the Spanish Market. 


For Gun Smiths. 


Butt Plates, Guards, Side Plates, Cups, Sights, Loops, 
Slides, Breech Pins, Triggers, Trigger Plates, Set ‘Trig- 
gers, Rifle Boxes, Dirks, Screws and Limbs of Locks. 


For Cutlers and Surgical Instrument Makers. 


Knives, Forks, Spoons, Snuffers, Shears, Scissors, 
Pincers, Pliers, Tooth Keys, Saw Backs, Spring Boxes, 
Handles, Screws, &c. 

For Lock Smiths. 


Boxes, Bolts, Keys, Spindles, Staples, Screws and 
other Limbs; Knobs, Handles, Latches, &c. 


, For Machinists. 

Wrenches, Screw Tools, Lathe Work, Clamps, Parts of 

Spinning, Weaving and other Machinery. 
For Blacksmiths. 

Ornaments for Iron Fence, Scrapers, Sash, Blind and 
Shutter Fastening; Carpenters’ Hammers, Squares and 
Compasses, Garden Rakes, Forks, Hoes and Trowels, 
Iron and Coffee Stands, Shovels and Tongs, Stove 
Latches, Catches & Door Handles, Kettle Ears, Trowel 
Shanks, Limbs of Coffee Mills, and many other things 
not enumerated. The Collection consists of more than 
ONE THOUSAND plain and ornamented patterns of iron 
articles now in use. 
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den’s establishment, where they continued in business until 1837, 
when they failed. Thus Seth Boyden’s connection with the malle- 
able iron business ended in 1835 after continuing nine years, 
though, as we shall see later, several of his brothers started other 
foundries. The Boston Company was succeeded by a stock com- 
pany, who from time to time underwent various changes in mem- 
bership, until at the present day the place is operated by W. G. 
Morris under the firm name of Morris & Barlow. Part of the 
original building still stands, serving as the wall of the present 
foundry, though it has been raised several feet. 

The extension of the malleable iron industry was very rapid, 
and several foundries were started in various places at about the 
same time. Many of the concerns were short lived, as they suf- 
fered from the financial troubles of 1837 and the difficulties en- 
countered by any new process. It is impossible in the time at my 
disposal to do more than briefly refer to some of the others. 
There were two concerns in Elizazbethport of which I have been 
unable to learn very much, except that they were probably started 
previous to 1840. David Meeker began making malleable iron in 
Hedenburgs Works in Newark in the year 1841, but removed 
two years later to his present location, where the business is now 
conducted by S. J. Meeker. The New Jersey Malleable Iron 
Works were started in 1848 on the spot where the Market Street 
Station of the Pennsylvania Railroad now stands. At one time 
there was said to be eight malleable iron foundries in Newark. 

In Massachusetts the malleable iron business was first estab- 
lished in. East Boston about 1835 by a company incorporated with 
a capital of $100,000, and under the management of Alex. Boy- 
den, a brother of Seth’s. A younger brother, Frank, was also em- 
ployed there. This concern only ran about two years, as there was 
not much demand at that time for machinery castings of malleable 
iron. The company made stock goods, such as hammers, axes, 
chisels, etc., very little light cored work being attempted. They 
evidently followed along the lines of the earlier English works, 
as large quantities of castings were made under the impression 


that they were steel, which could not be sold, and as no dividends 
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were forthcoming the stock was bought up by a few persons, who 
crowded out the Boydens. So far as can be learned the practice 
in these works differed in no essential from that already described. 
“Flat Bar” Salisbury pig was used, and the melting was done in 
two air furnaces, capacity 1,000 to 1,600 pounds, respectively, 
the latter being considered a large furnace at the time. A cupola 
was erected, but for some reason did not succeed. It is said that 
the packing was oxidized with sea water. 

In 1837 Alex. Boyden was employed by Frederick Fuller, of 
Easton, Mass., who at that time was operating the Easton Iron 
Foundry (established in 1752), to start a malleable ircn foundry iti 
Easton, certain land and buildings being leased to Boyden for 
$350 per year. This paper begins according to old legal form: 
“This indenture made the first day of March, 1837, by and be- 
tween Fredk. Fuller, of Easton, in the County of Bristol, gentle- 
man, on the one part, and Alex. Boyden, of Easton, in the County 
of Bristol, iron founder, on the other part, witnesseth,” etc. Evi- 
dently in those days the distinction between an iron founder and a 
gentleman was sharply drawn. The foundry was continued under 
Boyden’s management about a year, when his interest was bought 
out by Lincoln Drake, who was the executor of the Leach Estate, 
owners of the Easton Foundry, and who had been Fuller’s finan- 
cial backer. Boyden agreed not to establish or help establish any 
other malleable iron foundry in New England. In 1838 Dan. 
Belcher took charge, buying out the business ten years later and 
continuing it until his death, which occurred in 1890. At these 
works about one-quarter “flat bar” Salisbury and three-quarters 
Sterling iron was used, which was valued in the inventory, taken 
1840, at $50 per ton. Flat bar was the common name for Salis- 
bury iron at that time, but from which of the furnaces it came or 
whether it was common to all of them I have been unable to learn. 

I am indebted to Geo. C. Belcher, the present proprietor of 
these works, for many of the interesting details of the early prac- 
tice, and feel that I cannot do better than give the account in his 
own words. He says: “The molders made their own cores, 
dumped and trimmed their own castings, and helped the melter 
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when skimming the slag from the air furnace, for all of which 
they received $1.25 per day. The fuel used in the air furnace was 
Pictou coal, costing $14 per chaldron—36 bushels—and pine limb 
(trash wood). The charge was 800 pounds, sometimes 1000, and 
the writer well remembers when the melter, without consulting 
the ‘boss,’ had the temerity to put in 1500 pounds. With what 
anxiety all watched the furnace for something to happen, ex- 
pecting the bridge to give way and let the iron back onto the 
grates, or that the whole business would puddle and refuse to 
run when tapped. The bottom of the air furnace was made up of 
quartz mixed with a little clay and stood about 16 heats. The 
quartz was obtained in the neighborhood, and was first calcined 
in the air furnace and was then pounded up. Stourbridge fire 
brick were in common use at this time in the construction of the 
furnaces. The annealing furnaces were also run with Pictou coal 
and pine wood, the firemen firing up every fifteen minutes. The 
annealing pots were pushed in on rolls at one end of the furnace, 
and pushed out when done at the other end by the introduction of 
fresh pots. Very soon after he took charge Mr. Belcher built a 
hard coal annealing furnace, which while building was ridiculed 
by all old hands, including the meiter, who was from Newark, but 
proving successful was afterward claimed by the melter as his own 
invention. The castings made at first were carriage, harness and 
stove trimmings, fliers for cotton speeders and fly frames, 
pump castings, mule fingers, loom forks, keys, axle nuts and 
shanks for garden trowels. Pipe fittings were manufactured here 
as early as 1849 and possibly earlier. They were shipped to Wa!- 
worth & Nason, of New York City, to have the threads cut. The 
price obtained for axle nuts in 1840 was 12} cents per pound; 
stove trimmings, 15 cents per pound. Average price of castings, 
including cored work, 16 2-3 cents per pound or 1 shilling. Large 
speeder fliers, however, brought 50 cents per pound. In looking 
over the old patterns some years ago, I found that many of them 
were finished and gated in a superior manner. Match plates, sim- 
ilar to those now used in machine niolding, were employed with 
good success and molds were made rapidly. The flasks were 
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made of cherry wood, and the workmanship on them was of the 
best. I am indebted to Horace Spaulding, of Easton, for much of 
my information. Mr. Spaulding, who is now 83 years of age, 
was a molder in the East Boston Foundry, and is the only person 
now living who was concerned with the Malleable Iron Works 
when first started. He relates that in the early days of the busi- 
ness Alex. Boyden used to have a little pump or syringe with 
which he used to squirt something into the air furnace stack, and 
also used to drop some kind of metal, probably zinc, into the 
molten iron, creating a smoke, all of which was to make a mystery 
of the process in the minds of the workmen.” 

One of the first malleable iron foundries in the central west 
was established in Cincinnati, Ohio, previous to 1850, and pos- 
sibly as early as 1845, by Miles Greenwood and Thomas R. 
Wood, under the firm name of M. Greenwood & Co. So far as 
can be learned the works practice was similar to that already 
described. Missouri surface ore pig was considered essential, and 
commanded an extra price on that account. The iron was melted 
in a cupola, and later an air furnace was erected. 

In closing the writer wishes to acknowledge his indebtedness 
to O. S. Boyden and W. G. Morris, of Newark, N. J.; Milton H. 
Robbins, of Lakeville, Conn.; Geo. C. Belcher and Horace 
Spaulding, of Easton, Mass.; James L. Haven, of Cincinnati, 
Ohio, and Thomas Devlin, of Philadelphia, Pa., at whose sugges- 


tion this paper was undertaken. 


The following letter was handed in and read, as bearing upon 
the paper:/ ' 

“Philadelphia, March 28, 1808. 
“To Mr. Chas. McKeever: 

“Yours of the 27th inst. at hand, and concerning your ques- 
tions would say | was employed with Stellwagon & Bryant from 
1833 to 1837, at the foundry, Germantown and Susquehanna 
avenues, in the manufacture of malleable iron castings. The firm 
hired two men, T. Miller and E. Sarin, from Newark, N. J., to 
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teach about eight or twelve green hands, of which number I 
was one, the trade of molding and casting. I believe they knew 
nothing of the process of annealing, because neither those two 
men nor any of us were allowed to go into the annealing house. 
Mr. Bryant considered that a secret that very few men knew 
anything about, and he was all the time trying experiments and 
was generally successful. After being in business about five 
years the business closed up, so I| believe it was carried on at 
Newark, N. J., before our firm started, as I frequently heard the 
two men referred to talk about the matter. I am now in my 
ninetieth year. 
“Yours respectfully, 
“JOHN DESSALET.” 

Mr. Devlin: While the subject is under discussion there is 
a gentleman here from Newark from whom many points were 
secured regarding the early history, and whose father, I believe, 
was one of the chief men with Seth Boyden. I allude to W. G. 
Morris. 

Mr. Morris: Mr. Davis has gone over the ground so very 
thoroughly that there is nothing for me to say. Regarding the 
early molding Mr. Dessalet speaks of, | have been all through 
it. The only shoveling furnace which, to my mind, is successful 
is one we have now in operation; others I have heard of did not 
amount to much. We have used ours for the last 50 years. I 
have worked 48 years in the malleable iron business, and am still 
engaged in it. I commenced with four buckles on a plate and 
now I use 60 to 70. I was acquainted with Mr. Boyden, and my 
father worked with him. I do not think Seth Boyden ever got 
any benefit from the wrought iron he put up. I think after melt- 
ing there would not be much of it left; it would all go up the 
stack. That has been my experience. 

Mr. Flagg: What success did you have in melting old mal- 


leable iron? 


Mr. Morris: In 1865 I went to Chicago to work. There a 
concern undertook to make malleable iron from Scotch pig, 
which I think cannot be done. While there, in using anneaiing 
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furnaces it was customary to use iron bottoms instead of brick 
bottoms as now used. I undertook to make some bottoms and 
used old malleable iron and Scotch pig to run it off with. I 
weighed the castings after the run and found my loss 25 to 30 
per cent. I attributed the loss to the malleable iron.. Old malle- 
able iron generally burns and makes bad, porous castings. 

Mr. Flagg: What was the largest heat that you ran in those 
days? 

Mr. Morris: About 1000 pounds. I believe 12 tons is some- 
times run at this day. 

Mr. Devlin: The writing of this paper was, as stated, my 
suggestion. The people who knew anything of the early history 
of the business were all passing away, and I, with Mr. Davis and 
Mr. Morris, visited Newark and secured quite a good deal of 
matter; too much, really, to need in one evening. Our sole 
object was to get as much information as possible, and I thought 
it wise not to delay the matter, as there are people living now who 
can correct inaccuracies in statements, while later they will have 
passed away. 

The discussion was closed by Mr. Birkinbine, who said that 
the paper impressed three facts upon his mind. First, that the 
memories of blast furnaces active at those times had passed 
away. Then, he said, furnaces made about as much in a year as 
inodern furnaces were turning out ina day. Second, that in latter 
days monuments seemed only to be erected to honor those who 
have been engaged in killing their fellow men. He meant no 
disparagement of our generals; but something should be done to 
keep the memories of other classes of men before us. It was 
well sometimes to look back and see how our memories of no- 
table men had faded. The third fact was that three-quarters of a 
century ago men were squirting secret chemicals into furnaces, 
and the same thing was being done to-day—men claiming to have 
processes of conversion which would produce results in ten 
hours. They found, however, they must have a temperature 
which fitted, for if there were slow cooling, bad results ensued. 


The process was more apt to occupy ten hours and three days 
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The meeting then adjourned. 

Before all the members had left the building those remain- 
ing were shocked to receive news that Mr. Morris had fallen 
dead on the street on his way to his hotel. 

















PROCEEDINGS OF THE 
PITTSBURG FOUNDRYMEN’S ASSOCIATION. 


At the October meeting of the Pittsburg Foundrymen’s 
Association, October 24, 1898, the following paper was read: 


THE MELTING POINT OF CAST IRON. 


By DR, R. MOLDENKE, 


In the rapid development of the art of founding into a distinct 
division of a great branch of applied science, one point seems to 
have escaped general research, not because it was not recognized, 
but because the proper appliances were lacking. This is the ques- 
tion of melting and casting temperature, a question all foundry- 
men deal with daily, and which for some branches of the art 
means either a successful cast or an utter failure. 

The question of whether silicon affects the condition of the 
carbon contents of a casting or not is coming up again, as it does 
periodically, analyses by the dozen being quoted to substantiate 
statements made on either side, and yet we see only an occasional 
statement that the temperature conditions were as nearly the same 
as possible. What proof is there of this? The writer has taken 
the temperature of a ladle of iron which to the eye seemed as hot 
as melted steel, and yet another ladle full of iron of a different 
composition, which was dull red, contained the hotter metal of 
the two. Again from the same tap differences in temperature 
were found running nearly 200 degrees F. The castings made 
with the two extremes in this case, though of the same silicon con- 
tents, differed widely in the proportion of graphite to combined 
carbon for the same thickness of section. 

No wonder we are told that the silicons do not play so im- 
portant a part. In one of the determinations described later on, 
a piece of cast iron was placed side by side with some ferro-chrom, 
both being under the same cupola conditions. The comparatively 


thick piece of cast iron heated quickly and melted before the thin 





piece of ferro-chrom, though showing the melting heat of the 





iron, was thoroughly red hot. Thus it will be seen that the eye 
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is no criterion of the degrees of heat present when they get into 
the high ranges. 

Those who cast heavy work know the danger of pouring 
either too hot or too cold, and many are the devices made use of 
to test the heat of a ladle full of melted iron. Since these methods 
are empirical at best, how will we know at least approximately 
the temperature of our melt? Only by a device capable of with- 
standing such a severe usage. In looking about for such an in- 
strument the attention of the writer was naturally directed to the 
latest and admittedly the best form of a pyrometer for very high 
temperatures, the Le Chatelier. This consists essentially of two 
pieces of wire of a slightly varying composition, a heating of the 
junction of which produces a current of electricity proportioned 
to the degrees of heat applied. The amount of this current is 
measured by a suitably calibrated galvonometer, and thus we can 
read off the heat at any convenient distance rapidly and with a 
surprising degree of accuracy. 

Unfortunately, this wonderful instrument, one wire of which 
is of platinum, the other of an alloy of platinum and Io per cent 
of the rare metal rhodium, cannot be immersed directly in the 
melted iron—there would soon be an end to this expensive ther- 
mo-couple. The long porcelain tube which protects it when used in 
kilns is worse than useless in a ladle full of metal, and so at the 
suggestion of the writer the Pittsburg representatives, the Vulcan 
Mfg. Co., set about to remedy the matter and devise some pro- 
tective cover which would allow experiments of this kind to be 
carried out readily. The outcome, while not having the advan- 
tage as yet of an extended period of trial, was nevertheless so 
happy a solution that it is presented to-night for the first time 
and to the Pittsburg Foundrymen’s Association with the hope 
that much of value may be learned with it, not only in our daily 
work, but also in connection with the many intricate problems 
still before us which await solution at the hands of those willing 
to give their time and energy to such an exacting study. 

Fig. 1 shows a section through the instrument. The plati- 
num wire will be noticed running from the terminal box through 
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an iron pipe ending at the inner side of the point of the clay tip. 
Here is the button made by the fusion to the other wire of plati- 
num and rhodium alloy which runs back, parallel to the platinum 
wire, to the terminal box. Both wires are covered with asbestos 
to insulate them from each other and from the iron frame as well 
as to serve as a protection in case the tip breaks while in the 
molten iron. The interchangeable connection holding the clay 





FIG. 3—METHOD OF USING IN LADLE, 


tip allows it to point out straight for use.in small ladles or in ex- 
perimenting, or it may come down at right angles for taking tem- 
peratures in large ladles full of metal. A third form, not com- 
pleted in time for illustration purposes, has a ball and socket joint 
which allows the tip to stand out at any angle. A movable shield 


lined with asbestos protects the hand. 
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Fig. 2 shows two of the styles of the pyrometer, and Fig 3 
the method of using the angular form. In the terminal box are 
placed the connections which allow wires of any convenient 
length to run through the handle and connect with the galvano- 
meter. The galvanometer itself is a “D’Arsonville,” specially 
gotten up and calibrated for industrial purposes. The original 
form with the reflecting mirror, and capable of reading to one- 











FIG, 4—APPARATUS FOR DETERMINING THE MELTING POINT OF CAST 
, IRON—SIDE VIEW. 


half of a degree at these high temperatures, was found too cum- 
bersome and delicate for factory use. 

The sensitivenuess of the couple, even though protected by a 
refractory material, is such that plunging it cold into the melted 
iron the correct reading is obtained in one minute and three- 
quarters. When properly heated up to redness beforehand, how- 


ever, this time is reduced to not many seconds. 
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It would be beyond the scope of this paper to show the many 
uses to which such an instrument can be put in the steel and iron 
trade. On the question of annealing alone it will pay for itself in 
a short time, and when its capabilities in foundry practice come to 
be investigated and generally understood, one more safeguard 
will be added to those already helping us to increase the efficiency 
of our plants. 

We come now to the subject matter itself. You will all re- 
member the recent discussion on the melting of white and gray 
irons, Mr. West’s elaborate experiments confirming our daily ex- 
perience. Yet the correctness of the conclusions were questioned, 
and while the peculiar phenomena observed in the behavior of 
carbon with iron make any positive statements rather hazardous, 
yet the melting down of a lump of iron, and taking its tempera- 
ture while doing so, should stand as a final determination of its 
melting point as viewed from the entirely practical side of the 
question. This is the consideration we have to deal with daily in 
cupola and furnace. 

The material experimented with was gathered for several 
years, some of it being furnished by Mr. Jos. Seaman, Mr. Thos. 
D. West and Mr. J. E. McDonald, members of this association, 
and the especially interesting alloys by Mr. R. McDonald, of the 
Crescent Steel Co. 

There were 48 pig irons, embracing both foundry and Besse- 
mer brands as well as softeners, made with coke and with char- 
coal, both cold and warm blast. Seven of the cast irons were of 
the shape seen at A Fig. 4, being melted right from the tip. The 
balance of the 15 specimens were of the sand and chill rolls made 
by Mr. West in his recent experiments. Two steels and nine al- 
loys of chromium, tungsten and manganese with iron, complete 
the list of 73 specimens. 

The melting was done in an assay furnace converted for the 
time into a cupola. Fig. 5 gives a front view of it while in full 
operation. A jet of steam entering the stack in the side near the 
top induced the blast, the air being drawn in all around the bot- 


tom. In this form it is really the “Herberz” cupola of European 
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fame and excellent for small diameters. A hole was broken 
into the wall just below the charging door, which must be kept 
closed when not used. This hole allows the introduction of the 
pieces of pig iron, etc. After heaping up enough coke to last for 
some time, the piece of pig iron (of full section and about five 
inches long), was driven into the bed, surrounded by incandes- 
cent coke and the opening closed with a tile. After it was red hot 
the tile was removed, the pyrometer inserted and pushed against 
the center of the pig where the borings were taken for the analy- 
sis. The temperature as registered by the pyrometer rose rapidly, 
then more slowly, remaining stationary while the iron melted 
slowly. Then as the point finally became uncovered the tempera- 
ture jumped up, going above 2,600 degrees F. In this way the 
results noted in the tables below were obtained. 

It took much patience, a loss of a few samples, and a number 
of broken tips to accomplish all this, but on the whole the results 
given are as good as could be gotten under the conditions pre- 
vailing. The coke burning up would let the iron drop a little, and 
a failure to adjust the pyrometer to suit (the opening being closed 
by a piece of sheet iron, to prevent undue cooling by air drawn 
in), meant a break in the tip, which, while not affecting the re- 
sults, caused subsequent delay and trouble. 

The following general observations were made: The white 
irons held their shape, the iron running from the sides and bot- 
tom freely, leaving smooth surfaces. The gray irons became 
soft, dropped in lumps, leaving a ragged surface. Ferro-man- 
ganese samples became soft and mushy, exhibiting a consistency 
of putty before finally running down. Ferro-tungsten behaved in 
the most nfarked way. As it melted it acted like white iron, but 
instead of chilling quickly it ran through the coke, coming down 
the spout in thin streams like white hot quicksilver, only setting 
after collecting in a pool in the pan of sand. 

The cupola was fluxed heavily with fluor spar to take care of 
the ash, for it was a case of a furnace full of incandescent coke 
and only one piece of iron in it. The foliowing tables give the re- 
sults: 
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TABLE 1.—PIG IRONS. 
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1 2030°F 3.98 oa 14 10 220 .087 
2 2040 3.90 are -28 mb .216 .044 
3 2040 3.74 .14 .38 16 172 0382 
4 2070 3.70 we .26 09 .198 .033 
5 2100 3.52 54 47 20 .200 .036 
6 2040 3.48 Ae .36 09 -240 .040 
7 2055 3.22 .68 71 .09 .142 .088 
8 2010 3.21 .20 45 .18 .198 087 
9 2110 2.28 1.14 .42 .13 .185 .026 
10 2140 2.27 1.80 45 1.10 1.465 .032 
1 2150 2.23 1.58 .42 .16 415 .045 
12 2170 1.96 1.90 15 .63 .097 028 
13 2170 1.93 1.69 52 16 .760 .036 
14 2170 1.87 1.85 .56 46 713 .027 
15 2150 1.84 1.95 56 .34 175 022 
16 2190 1.72 2.17 1.88 54 .446 028 
17 2200 4.69 2.40 1.81 .49 1.602 .060 
18 2230 1°54 2.08 2.02 39 632 062 
19 2190 1.49 2.26 2.54 50 .349 .038 
20 2210 1.48 2.30 1.41 1.39 -168 033 
21 2190 1.47 2.68 .89 48 .164 027 
22 2190 1.36 2.41 1.65 32 .160 .038 
28 2210 1.31 2.70 1.25 16 .170 .022 
2 2210 1.31 2.40 1.69 46 .085 039 
25 2230 1.24 2.68 .65 26 201 020 
26 2230 1.23 2.70» 1.20 a 209 022 
2 2230 1.12 2.66 1.13 2A .089 .027 
28 2200 -90 3.07 1.09 33 176 014 
29 2230 87 3.10 1.34 .42 -158 .030 
30 2210 84 3.07 2.58 47 2.124 051 
31 2260 83 3.26 1.97 .59 .210 O18 
32 "2230 .80 3.22 1.30 .59 .172 42 
33 2250 .80 3.16 1.29 0 -218 .020 
34 2250 .80 2.89 2.21 .25 All 041 
35 2250 .67 3.60 1.32 20 .205 020 
36 2240 .59 3.15 1.50 61 -094 .032 
3 2230 AT 2.84 2.19 .65 1.518 .042 
38 2250 .38 3.43 2.44 57 .422 .048 
39 2250 .35 3.44 2.07 28 448 .039 
40 2260 a 5) 3.70 3.29 82 1 038 
41 2260 .24 3.48 2.54 30 .060 .020 
42 2280 .13 3.43 2.40 90 .082 082 

SOFTENERS, FERROSILICONS, AND SILICO SPIEGEL. 

43 2190 3.38 37 12.30 16.98 
44 2040 1.82 47 12.91 1.38 
45 2090 2.17 72 10.96 1.34 
46 2155 1.35 1.60 9.40 .32 
47 214 1.57 1.36 8.93 .39 
48 2170 1.77 1.80 4.96 .39 
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TABLE 





80 r) pa as 5 

o a = « 
es 868 
49 2000°F.4.67 .03 67 .22 
HO 1990 4.20 .20 63 .33 
51 2010 4.08 ae wae 
2 «2000 3.90 .16 .75 .66 
53 2030 3.62 72 14 
54 2030 3.48 47 -09 
55 2040 3.40 —— <> . 
56 2170 1.63 2.27 1.46 .50 
57 2210 1.6€0 3.16 .59 25 
58 2250 1.57 2.90 66 3 
59 2240 1.22 2.66 1.69 .47 
60 2250 12 2.90 .75 .66 
61 2260 17 3.57 2.09 43 
62 2080 1.95 1.28 11.64 -98 
63 2080 1.81 1.36 11.70 1.00 
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»~hosphorus. 


Sulphur. 


-040 


.287 .040 
-240 .030 


-93 .026 


-190 .032 
196 .029 
-092 .032 
-271 .048 
-237 .040 
-274 .087 
-248 .030 


272.042 


2.—CAST IRONS. 


Remarks. 


Cast into chill roll (Mr. West). 

Cast into chill roll (Mr. West). 

Cast into dry sand. 

Cast into chill roll (Mr. West). 

Cast into dry sand, 

Cast into dry sand. 

Cast into dry sand. 

Cast into dry sand. 

No. 48 in sand rolls (Mr. West). 

Na. 49 in sand rolls (Mr. West). 

Cast into dry sand. 

No, 51 in sand rolls (Mr. West). 

Cast into green sand. 

Remelted ferro-silicon No. 5, cast into 
chill roll (Mr, West). 

Remelted ferro-silicon No. 5, cast into 

sand roll (Mr, West). 


1 better comparison of the melting points of the same 


irons cast into sand and into chills, as made by Mr. West, the fol- 


lowing table is subjoined: 


No. 


49 


Combined 


Carbon. 


1.60 
4.67 
1.57 
4.20 
1.20 
3.9 


Carbon, 


5.02 


6.80 


1.40 


Graphite. 
3.16 
.03 
2.90 
.20 
2.90 


16 


TABLE 


Silicon. 


1.65 
14 


TABLE 3. 





Melting 
Fracture. Point. 
Gray 2210°F. 
White 2000 Same ladle. 
Gray 2250 4 
White 1990 Same ladle. 
Gray 2250 
White 2000 Same ladle. 
41—ALLOYS AND STEEL, 
g = 2 Remarks. 
& s 5 
a 0 o 
9 . Steel. 
1.27 3.40 6.21 Steel. 
39.02 Ferrotungsten. 
nes 11.84 Ferrotungsten, 
81.40 Ferromanganese, 
44.59 cy eer Ferromanganese. 
62.70 oe Ferrochrom, 
19.20 Prey Ferrochrom. 
19.10 Seas Ferrochrom. 
5.40 tee Ferrochrom, 
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The tables of the pig and cast irons have been arranged ac- 
cording to their combined carbon contents, for it is evident that 
with few exceptions the melting points increase as the combined 
carbon goes down, this being the case independent of the amount 
of graphite present. One could hardly expect anything else for 





FIG, 5— APPARATUS FOR DETERMINING THE MELTING POINT OF PIG 
IRON—FRONT VIEW. 

that matter, gray cast iron being really a steel with a lot of 

mechanically mixed graphite, and white iron a combination of 

carbon with iron. Alloys melt at a lower temperature than any of 
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their constituents, and so also white iron, really an alloy of car- 
bon or some carbides of iron with iron, should melt sooner than 
the purer iron in the gray variety. 

The fact, however, that steel melts at a much higher temper- 
ature than the grayest of irons in the table, shows that there are 
other considerations not to be overlooked in studying the mole- 
cular physics of cast iron. The principal reason for this lowering 
of temperature is the supposed solution of the graphite in the 
iron before actual melting takes place. To what extent this 
occurs and under what circumstances is not known, but may ac- 
count for the difference in the melting points of steel and gray 
iron. 

Again, in melting steel in the cupola, commercially, an absorp- 
tion of carbon from the fuel takes place, the melting point is 
doubtless lowered a little, and the results obtained are tangible, 
even though care must be taken to get the whole of the charge 
down before pouring. In the air furnace the steel absorbs carbon 
by contact with the pig iron charged and melts off, the wasting 
of wrought iron or steel poking bars used for rabbling giving evi- 
dence of this occurrence. 

The writer is especially pleased to see the full corroboration 
of Mr. West’s elaborate experiments with the melting of white 
and gray irons. The contrast is remarkably sharp, and on the 
whole it shows us that science and practice go hand in hand ad- 
mirably, no matter what the field may be. Whatever theories 
may develop regarding the melting of iron, whatever the effect of 
high or low phosphorus, silicon, manganese and sulphur, may be 
shown to be on the melting point of an iron eventually (the pres- 
ent series ef irons not being well enough adapted for this phase 
of the question), the results here given are, it is hoped, of suff- 
cient value to stimulate further research of practical value to the 


founders of cast iron. 
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A REVIEW OF THE FOUNDRY LITERATURE 
OF THE MONTH. 


AMERICAN MACHINIST. 


OCTOBER 13th. 


A: writer, styling himself “Ben Around,” treats the subject, 
“Making Allowances for the Molder,” from a machinist’s :tand- 
point. He says: “I, like a good many other machinists, have 
raised sand with the molder’s shortcomings, but as I grow older 
and get more sense | ask myself, ‘Is he to blame? Considering 
all things does he not deserve more credit than we machinists? 
Does it ever occur to you that his work is hidden, while ours is 
before our eyes? His mold once closed, he can only watch and 
wait; if he is successful he gets no praise, but if the casting is 
faulty some fellow in our end [the machine shop] can sneeringly 
point out the trouble. A molder will have drop-outs because of 
soft ramming; but is he any worse than the man who breaks a 
drill from hard feeding?” The writer treats the subject very gen- 
erously and intelligently, closing his remarks with a piece of ad- 
vice to foundrymen,.viz., that in order to insure good soft castings 
when desired, the soft mixture should be all melted.away before 
the after charge is thrown into the cupola. 

Thomas Brennan advocates the shaping of pigs of iron like 
babbit metal to facilitate breaking. He says that the pigs are at 
present too long for economical melting in the cupola, and that 
the adoption of the plan proposed would enable the laborer to 
break in half an hour as much as now can be done in a day. 

Thomas D. West, adverting to this topic, says that the cendi- 
tions in the blast furnace will not permit a deep indentation in the 
pig; that the projection of sand required in the pig-mold would 
wash away, and that to make it stable would entail greater ex- 
pense than can be afforded. 

October 20. Oscar E. Perrigo describes a mold for casting 
pattern figures. Shellac the smooth face of a board and stick 
the figures on it in a row, backs down; surround by a wood frame, 
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three-quarters inch deep, shaped into a handle at one 2nd; oil, 
and fill with plaster paris. From this make a brass casting, and 
plane the face. Make another brass casting of similar outline, 
with smooth, level face, and hinge the two together at the end; 
chamfer the gate-edges and cut gates to figures. The back part 
of mold is provided with holes tapering from one-sixteenth inch at 
face to a point, for the purpose of forming two spikes one-quaiter 
inch long on the back of each figure for fastening to pattern. Use 
an alloy of 9 parts lead and 1 part antimony for the figures. Heat 
the mold to nearly or quite the melting point of mixture, and then 
pour, continuing the heat for some minutes after casting, to in- 
sure complete filling of mold. The above plan was found beth 
economical and very convenient. 


THE FOUNDRY. 


’ «lis- 


Paul Ramp, discussing the question of “clean castings,’ 
parages any attempt to ascribe the fault for dirty castings to ex- 
cess of dirt in the iron, insisting that proper skimming while the 
iron is being poured will obviate the difficulty. 

R. H. Palmer writes on “Girls as Core-Makers.” He visited 
the shops of the R. I. Malleabie Iron Company, at Hills Grove, 
R. I., and also those of A. Carpenter & Sons, Providence, R. I. 
In both of these shops, girls were employed in making cores. 
Their workroom was separated from the main shops; ligut, con- 
venient and clean, and provided with features for the special com- 
fort of the girls. The girls made good wages, and their product 
was highly satisfactory to their employers. 

Mr. Palmer says: “Up-to-date foundrymen have condemned 
the idea that any old building is good enough for a foundry, and 
find it to their interest and a paying investment to build well- 
lighted and ventilated foundries, and to furnish them with modern 
appliances for handling the work and comfort of help. They find 
they have a better class of employes who take pride in their work ; 
men who respect themselves and who demand the respect of 
their employer and take pride in the standing of his production in 
the market.” 
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R. D. Moore describes a method for leveling a crooked core 
plate, or bottom-board. Coat the plate with thick clay-wash, 
and sift on sand through a fine riddle. Now, take a light straight- 
edge, square, better than wide; place a heavy chalk mark on the 
exact center to place your thumb on to get an exact balance. 
Draw the edge across the sand, keeping the forward side a little 
up, to make it a slicking rather than a scraping movement. By 
repeating this movement, always changing the position of the 
strike at every stroke, to slick down the ridges made by former 
strokes, the surface will be found to rapidly assume a correct 
face. 

With regard to rapping down patterns, the same writer says, 
in substance, that a heavy hammer only is appropriate, as it 
will have a less tendency to split the pattern. Also, he notes 
that care should be taken not to rap down the corners and ends 
of the pattern too early in the operation, but that these should 
be carefully adjusted after the main body of the pattern shall 
have been properly settled to place. 


Jas. A. Murphy writes on “How to Become a Foundry Fore- 
man,” giving his views as to the general character of the man 
best fitted for this position. 

W. J. Keep, in response to a request for his opinion upon 
the question whether a mixture of all pig iron, or one of part 
pig and part scrap, is the better for foundry use, decides in 
favor of the latter. He says, “The chemical composition of a 
large number of pigs which look alike in fracture is much more 
likely to vary than the composition of a large number of cast- 
ings of equal size which have the same appearance of fracture. 
Therefore there is less certainty as to the character of the cast- 
ings made from pig than from scrap having the same grain and 
being the same size.” * * * “The grain and size of a piece 
of scrap show what has been produced, while the appearance, 
or even a silicon analysis of a close-grained pig iron will not 
with certainty indicate what kind of a casting will be produced.” 
* * * “The surest way is to use pig iron that has been 
proved to be suitable, and for closing the grain and for cheap- 
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ening the mixture to use scrap which can be examined as to grain 
and size of casting.” 
THE TRADESMAN. 
OCTOBER ist. 

EK. H. Putnam describes methods of pickling castings, and 
notes some of the economics effected thereby. He says: “There 
are two objects in pickling castings, viz., to clean off the adher- 
ing sand, and to strip the casting of the hard scale. The former 
requires a comparatively strong solution, and the latter a weaker 
one. * * * If the solution be too strong in the latter opera- 
tion it will precipitate a deposit on the casting very difficult to 
remove, and the novice is very apt to become disgusted therefore 
with the business and to abandon it. But when the pickling is 
properly done the results are very gratifying. * * * When 
the pickle is used merely to remove the sand it should consist of 
about one part of sulphuric acid to four of water. When the 
hard iron scale is to be removed from the casting, one of acid 
to six or eight of water may be used.” In the former case the 
pickle is poured over the castings, and it runs back from the plat- 
form into the bath. For removing the iron scale the castings 
are submerged in the bath and left there for 12 to 24 hours. 
The facilities required depend on the extent of the business. 
For large, heavy work, the bath should be lined with lead, and 
inside this should be a lining of wood to protect the lead lining 
from injury. Where small work, and little of it, is to be treated, 
a half barrel will answer very well. 

Sulphuric acid is cheap, and its use in removing scale from 
castings that are to be tooled is a measure of great economy, both 
in the matter of saving tools, and in the time of the workmen. 

OCTOBER isth. 

The same writer, treating upon the subject of “Chilled Rolls,” 
says: ‘The varied conditions under which breakages occur give 
evidence of wide divergence in quality of the rolls.” He thinks 
that internal cooling strains do not explain the difficulty. That 
some rolls stand the work admirably, and last a satisfactory 
length of time, indicates that all rolls might do this. Some of 
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the makers may have been misled, as to proper iron mixtures, 
by recent writings on the subject of chilled iron. Only irons 
having the highest chilling tendency should be used in tin-plate 
rolls. This opinion is based on experience wherein a close- 
grained coke iron having a high per cent. of combined carbon 
proved greatly inferior to softer iron, for plow mold_ chills. 
These, when made of the harder iron; soon cracked, in use, while 
the softer chills would last, in daily use, for many months. 

The same heating and cooling alternations take place in these 
chills as in the rolls used in tin-plate mills. “What is wanted in 
the present instance is a strong casting with a very hard surface. 
To get the latter it is necessary that the chill penetrate a certain 
depth into the roll. To this end, if we use coke iron it will be 
necessary to choose a grade that will make up for lack of chilling 
tendency by having a large per cent. of the carbon combined in 
the pig. This being the case, the body of the roll may be weak 
in consequence. On the other hand, if you use charcoal iron of 
high chilling tendency the chill may penetrate to the desired 
depth while leaving the roll constructed of such proportions of 
combined and graphitic carbon as to realize the greatest strength 
possible in cast iron and at the same time reducing to the mini- 


mum the tendency to check from alternations of heat and cold.” 





